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Introduction 
In 1942, Klinefelter, Reifenstein, and Albright first 
described a syndrome in a group of patients attending a 
urology clinic for investigation of their infertility. These 
patients all displayed small testes with aspermatogenesis, 
seminiferous tubule dysgenesis and hyalinization “without 
a-Leydigism", increased gonadotropin excretion, and gyne¬ 
comastia, Heller and Nelson (1945) further clarified and 
expanded the syndrome by adding the following variable char¬ 
acteristics: “a skeleton which may or may not exhibit 
delay in osseous development and may show eunoehoidal (lower 
segment or pubis to sole distance which is significantly 
greater than the upper segment or pubis to crown distance) 
or normal measurements..., gynecomastia which may vary from 
completely infantile to entirely normal..., pattern of hair 
distribution prepubertal, pubertal, or adult.,., pitch of 
voice may be high or low,.., Leydig cells vary in quality..., 
17-ketosteroid excretion may vary from normal (6.9 mg. per 
12 hours) to very low..,, estrogens are not elevated, but 
may be normal or low." The association of mental retardation 
with the syndrome was noted by Zublin (1953) and Pasqualini, 
Vidal, and Bur (1957). Davis, Canfield, Herman, and Goler 
(1963) describe abnormalities in thyroid function characterized 
by low I^bl uptake associated with the syndrome. The etiology 
of the syndrome remained obscure until recently (Nelson, 1956). 
In 1949, Barr and Bertram noted during a cytological 
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study a nucleolar satellite present in the neurones of 
female cats, but not present In males. This nuclear body, 
occurring in interphase cells, stained intensely with Feul- 
gen reaction. These investigators suggested that since 
this body occurred only in females, it might represent a 
pair of X chromosomes, and therefore be a good indicator of 
chromosomal sex (Barr, Bertram, and Lindsay, 1950). They 
further demonstrated that it occurred also in human nerve 
cells. This nuclear body, since designated "sex chromatin" 
or "Barr body" has been found in nuclei of epidermal cells 
(Moore, Graham, and Barr, 1953)? in buccal mucosa cells 
(Moore and Barr, 1955), and in most other human tissues 
(Barr, 1960},. In buccal mucosa cells, the body is 1 p in 
diameter, and contains deoxyribonucleic acid (Klinger and 
Schwarzacher, I960) and ribonucleic acid (James, I960). 
The current view is that the maximum number of sex chro¬ 
matin bodies per nucleus is one less than the number of sex 
chromosomes (Court-Brown, I960), although this does not hold 
true in female polyploid cells (Klinger and Schwarzacher, 
1958). There is also evidence from rats (Ohno p » Kaplan, and 
Kinosita, 1959) and domestic fowl (Ohho,>, et al, I960) that 
sex chromatin is formed by a single positively heteropyc- 
notic X chromosome. There is no sex chromatin seen in female 
embryos before the 12th day (Park, 1957)• It is suggested 
that one of the sex chromosomes condenses on the 12th to 14th 
day, at least partially, to form the positively heteropycnotic 
mass seen as sex chromatin. It is also suggested that this 
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condensation implies an inactivation of the genes on that part 
of the sex chromosomes and that this is a random process, pro- 
ducing a mosaic in the female embryo (Lyon, 1961;1962). The 
cells containing sex linked genetic information from the mater¬ 
nal or the paternal X chromosome would form clones which could 
be expressed phenotypically as, for instance, a variegated coat 
color. This state has been found in XXY male or "Klinefelter" 
cats (Thuline and Norby, 1961) and in mice (Russell and Chu, 
1961). This inactivation of one X in the XX female or XXY male 
and the inactivation of all but one when more than two X chromo¬ 
somes are present may be an indication that deoxyribonucleic 
acid synthesis takes place at a later time in the inactive X 
chromosome than in the autosomes or the uncondensed X chromo¬ 
some (Morishima, Grumbach, and Taylor, 1962). 
Various investigators have found different percentages 
but remarkably constant median values for the occurrence of 
sex chromatin in normal females and males (see Tables 1 and 
Table 1. Sex Chromatin in the Buccal Mucosa Nuclei of 
Normal Females. 
Range Mean Author 
10-30$ 20.0$ Herrmann and Davis (1956) 
10-65$ - Grob, et al (1961) 
19-49$ - Smith et al (1962) 
20-64$ - Dixon and Torr (1956) 
20-79$ 45.6$ Marberger et al (1955) 
20-79$ 53.0$ Segal and Nelson (1957) 
24-65$ - Silva-Inzunza s -. (1957^ 
30-75$ 46.9$ Baruah and Patoway (1961) 
30-75$ 51.0$ Dykstra (1958) 
32-76$ 48.7$ Israelson and Taylor (1961) 
36-51$ - Harnden and Jacobs (1961) 
36-76$ 49.0$ MacLean et al (1961) 
41-69$ 55.0$ Guard (1959) 
52-85$ 69.0$ Hinglais and Hinglais (1955) 
- 49.1$ Greenblatt et al (1956) 
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Table 2. Sex Chromatin in the Buccal Mucosa Nuclei of 
Normal Males 
Range Mean Author 
0% 0% Dixon and Torr (1956) 
0% 0% Dykstra (1958) 
0% 0% Harnden and Jacobs (1961) 
0% 0% Moore and Barr (1955) 
<1.5% - Grignaschi (1962) 
<4/£ - Greenblatt et al (1957) 
0-4^ 0.6% Jones and Scott (1958) 
0-4^ 0.6% Marberger et al (1955) 
0-4# 0.1% Nelson (1956) 
0-4# vf. Herrmann and Davis (1956) 
<57° Kaplan and Norfleet (1961) 
<5# - Sohval et al (1955) 
O-6/0 0.8% Israelson and Taylor (1961) 
- Grumbach et al (1957) 
0-7 # - Baruah and Patoway (1962) 
0-7% - Guard (1959) 
<10% - Grob and Kupperman (1961) 
0-10% 0;% DeBeer (1958) 
1-14# 5% Hinglais and Hinglais (1955) 
1-20% - Silva-Inzunzs za (1957) 
- 2.98% Greenblatt et al (1956) 
2 respectively). Those variations which do exist may be caused 
by differing criteria for defining the sex chromatin body and 
varying proceedures for fixation, staining, and hydrolysis of the 
cells. It is recognized that the percentages vary in cells 
from different sources; this latter information has been sum¬ 
marized by Soost (1962). 
There is some dispute as to whether the morphology and 
incidence of sex chromatin is affected by the hormonal status of 
the individual. Sohval, Gaines, and Gabrilove (1955) found that 
marked exogenous or endogenous alterations of circulating sex 
hormones did not alter the morphology or incidence of the sex 
chromatin. Pfeifer (1962) compared 30 patients treated with 
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androgens with 30 controls and could find no significant dif¬ 
ference in the incidence of sex chromatin between the two 
groups. Smith, Harden, McDonald, and Speckhard (1962) found 
the incidence of sex chromatin in the nuclei of newborn females 
is lower in the first two days of life than at later ages, and 
that the incidence is depressed in the mothers in the day prior 
to and the day following delivery. They postulate that this is 
an effect of maternal estrogen. There is one case reported of 
a marked increase in incidence of sex chromatin in a patient 
after she was taken off cortisone therapy (Fracca.ro, Taylor, 
Bodian, and Newns, 1962). 
In 1956, several investigators independently established 
that many cases of Klinefelter's syndrome had a female or 
chromatin positive nuclear sex pattern, and thus appeared to be 
genetic females (Bradbury, Bunge, and Boccabella, 1956; Jackson, 
Shapiro, Uys, and Hoffenberg, 1956; Nelson, 1956; Plunkett and 
Barr, 1956a; 1956b; Riis, Johnsen, and Mosbach, 1956; Sohval, 
Gabrilove, Gaines, and Soffer, 1956; Nitschi, Nelson, and Segal, 
1956). The variation in percent sex chromatin found in the 
buccal smears of XXY Klinefelter’s syndrome as reported by 
several investigators is summarized in Table 3* This data can 
Table 3. Sex Chromatin in Buccal Mucosa Nuclei in XXY 
Klinefelter’s Syndrome 
Range Mean 
>6$ — 
14-64$ 29.0$ 
16-50$ - 
22-75$ 
25-83$ b9.1% 
30-49$ - 
>40$ - 
>40$ - 
44-75$ 62.2$ 
Author 
Greenblatt et al (1957) 
Bergman et al (I960) 
Present Series 
Segal and Nelson (1957) 
Nelson (1956) 
Ferguson-Smith (1958) 
Grumbach et al (1957) 
Kaplan and Norfleet (1961) 
Israelson and Taylor (1961) 
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be seen to fit the range for normal females given previously. 
Two cases of Klinefelter's syndrome that are chromatin 
negative were reported by Jackson et al (1956). These raised 
the possibility that there were two types of Klinefelter's 
syndrome, "false", or chromatin negative, and "true", or 
chromatin positive (Kelson, 1956). 
Progress in human cytogenetics was considerably enhanced 
in 1956 by the development by Tjio and Levan of a reliable 
and reproducible technique for preparation of human chromo- 
somes. They also discovered, using this technique, that the 
normal human diploid chromosome number is 46, rather than-48, 
as had previously been thought. This finding was quickly 
confirmed by many investigators (Ford and Hamerton, 1956; 
Bender, 1957; Ford, Jacobs, and Lajtha, 1958; Tjio and Puck, 
1958; Chu and Giles, 1959). Patients with chromatin positive 
Klinefelter's syndrome were discovered to have a chromosome 
number of 47, With an XXY sex chromosome compem.ent (Jacobs 
and Strong, 1959; Nowakowski, Lenz, Bergman, and Reitalu, 
I960). Since this time, a small number of patients dis¬ 
playing the characteristics of Klinefelter's syndrome have 
been found to have other sex chromosome complements (see Table 
4, page 7). 
The most commonly accepted theory for the origin of 
abnormalities in sex chromosome numbers derives from the 
work of Bridges (1913; 1916) on non-disjunction of the sex 
chromosomes in Drosophila melanogaster. He found that in 
meiosis in the female, the X chromosomes may fail to dis¬ 
join, forming an egg with the sex chromosome complement XX. 
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This maternal XX bearing gamete may unite with a normal male 
X or Y bearing gamete to form an XXY or XXX individual. (In 
Drosophila, these individuals are phenotypic females.) In 
Bridges study, the extra X chromosome was carried on to 
successive generations because the XXX and XXY females are 
both fertile (1916). 
Non-disjunction in Drosophila has been shown to be in¬ 
creased by irradiation (Mavor, 1924) or by exposure of the 
female to high concentrations of COo (Mottram, 1930). There 
is less conclusive evidence for an increase in non-disjunction 
with maternal age (Mottram, 1930). In man, trisomy of one of 
the autosomal chromosomes, number 21 (Denver Nomenclature), an 
abberation frequently seen in Down’s syndrome (mongolism) 
(Lejeune, Gaut^JLer, and Turpin, 1959) is known to increase with 
maternal age (Penrose, 1933). IX the 21 trisomy also results 
from a maternal non-disjunction, this would provide a human 
model quite close to that of Bridges (1916) for the formation 
of XXY females from XX maternal gametes in Drosophila. 
There is some evidence that the incidence of Klinefelter’s 
syndrome increases with increasing maternal age. The evidence 
for this hypothesis is provided by the studies of Lenz, 
Nowakowski, Prader, and Schirren (1959) who found a less 
striking effect of increasing maternal age than that found in 
association with mongolism. This view is supported by Stewart 
(I960) and by Penrose (1933). 
More complicated mechanisms than simple first stage 
meiotic non-disjunction are required to explain the more 
complex sex chromosome patterns listed previously in Table 4. 
:Ton J3 xfd-J^r © jfcjt cult V.:2tn o.;:■ [ ■ v . f . 
* ' ' 
©*IJE J . • 
. ' I 0 0 t . j • ; 
’ >JX0$ 9VlB8©90JJC 
. (oi'-’J) 9XJ.V ;rs', rivvo: 
-ni: sd of worls noscf stexi sl/nq-ooooi; ,:.i xio.ff oxxxxtt 'J&-x£o7: 
. 
acx^om/t ^Xv-ao.- rji; so-ssnonJ: nr rc't oo:;sbJtve ev:. -..ulcuoo .r. vi i.‘. 
• < rosin ixl . (ucf r , aus'x.d; 
- 
(iasI:IogL.o„ ) 
. 
c 1 rvr 'io93 ' f / -ir.f r oX. snot ft 
- ) 
. ( 
* 
90.6int 'to •to.-f.t od 920I0 &S.ts/r- Zehoz: 
. 
* 
( :;ctl) jasmiifoE ftxx* 
■■:'"t ‘vo^ff;; no't 
■ ■ . 
. ( < I 9C :, r. [£ (Ot'-C 1) 
' £ i\-:"i 9It, .als iirrlf rmal feif •:p£lqx«xoo ©noM 
• 1 E 
-9- 
By assuming that non-disjunction has occurred at either or 
all of the meiotic divisions in either or Both parents or 
that it has occurred during one of the early mitotic divisions of 
the embryo, all the anomalies and mosaics noted above can 
be explained (Stewart, 1962; Polani, 1962). 
Zublin (1953) and Pasqualini et al (1957) first reported 
the association of Klinefelter's syndrome with mental retardation 
as mentioned earlier. Since that time,., several surveys have 
shown that Klinefelter's syndrome occurs more frequently in 
populations of mentally retarded than in general populations, 
i.e. in routine newborn surveys. (See Table 5, page 10.) For 
these reasons, it was decided to survey the population of 
Southbury Training School (S.T.S.), Southbury, Connecticut 
by buccal smear technique for Klinefelter's subjects, and to 
study intensively the subjects found. It would be expected 
from the data in Table 5 that an incidence of four to twenty 
chromatin positive males should be found in this population 
of mentally retarded individuals. 
It was proposed then to study the families of such Kline¬ 
felter subjects. Since only one case of the approximately 
400 Klinefelter's subjects reported in the literature is 
claimed to be fertile (Fr^land and Ulrich, personal communi¬ 
cation) , and since several parents of 21-trisomics have been 
shown to have chromosome abnormalities (Hau^erton, Briggs, 
Gianelli, and Carter, 1961), it seemed that investigation of 
parents of Klinefelter's subjects might prove a clue to the 
origin of the chromosomal abnormalities in these subjects. 
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Materials and Methods 
Selection of Subjects 
Subjects for this study were selected from the male resi¬ 
dents at Southbury Training School in Southbury, Conn. This 
population numbers 1070, has an age span of approximately 5 
to 65 years, and represents all degrees of mental retardation 
from none to severe. All individuals were first studied with 
the aid of the training school staff by physical examination 
with special reference to testicular size and the presence or 
absence of 'gynecomastia. With the aid of the Southbury Train¬ 
ing School Chromosome Laboratory Staff, a survey was then 
begun of all these residents by buccal smears for sex chromatin. 
This survey covered about half the male residents during the 
time of this study. All post pubertal residents with gyneco¬ 
mastia and small or absent testes were included in this study. 
Chromosome studies were done on all the above subjects who 
proved to have more than 5% sex chromatin bodies in buccal 
mucosa nuclei. 
Examination of Subjects 
Physical examinations were performed on all subjects to 
determine testicular size, gynecomastia, general intelligence, 
presence of color blindness, and physical dimensions. Physical 
dimensions included height, span (middle finger tip to opposite 
middle finger tip, arms outstretched), lower segment (pubis to 
floor distance), and upper segment (pubis to crown distance). 
Specific intelligence data was gathered from results of 
psychometric tests using the Wechsler Adult Intelligence Score 
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(F.A.I.S.) given by the psychology department of the Southbury 
Training School and included in the subjects’ training school 
record. Colorblindness was tested using the Isihara Color¬ 
blindness test plates (Isihara, 1959). Testicular biopsies 
were performed and read at the Waterbury Hospital, Waterbury, 
Connecticut. 
Relatives 
Relatives of the Klinefelter's patients were sought out, 
and when found, family histories with especial reference to 
reproductive history were taken. These relatives were also 
tested for color blindness. Sex chromatin and chromosome 
studies were performed on them. 
Sex Chromatin Studies 
Interphase nuclei in cells scraped from buccal mucosa were 
prepared for sex chromatin studies using a modification of the 
technique of Moore and Barr (1955). Hydrolysis of the cells 
was carried out according to a modification of the method of 
Klinger and Ludwig (1957). 
Cells smeared on slides previously coated with a thin 
layer of albumin (Albumin Fixative Meyer Fischer Scientific 
Co.) were treated immediately according to the schedule below. 
All solutions were at room temperature (22-25°C). 
1. Fix 2 hours in 95% ethanol, 
2. Dehydrate 3 minutes in 100^ ethanol. 
3. Cover 2 minutes with a 1:1 mixture of 0.2% par- 
lodion in diethyl ether and 100% ethanol. 
4. Air dry 15 seconds. 
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5. Hydrate 5 minutes in 70% ethanol 
6. Hydrate 2 minutes in distilled water. 
7. Hydrate 2 minutes in distilled water. 
8. Hydrolyze 9 minutes in 5N HOI. 
9. Rinse 5 minutes in distilled water. 
10. Rinse 5 minutes in distilled water. 
11. Stain 5 minutes in 1% cresyl violet (Cresyl Violet 
Citrate; Matheson, Coleman, and Bell Co.) in distilled water. 
12. Rinse 5 minutes in 95% ethanol. 
13. Rinse 5 minutes in 95% ethanol. 
14. Dehydrate 5 minutes in 100% ethanol. 
15. Dehydrate 5 minutes in 100% xylene. 
16. Dehydrate 5 minutes in 100% xylene. 
17. Air dry. 
Coverslips were mounted with DePeX (George T. Gurr, Ltd.) and 
examined at 1250x under oil immersion. At least one hundred 
nuclei were counted on each slide. Countable nuclei were 
defined as those possessing unclumped chromatin and clear, 
unfolded nuclear membranes. Sex chromatin was defined as the 
dark-staining plano-convex body approximately lju in diameter, 
lying with its flat side against the nuclear membrane. The 
number of nuclei with chromatin as defined above present per 
one hundred countable nuclei was given as the percent of 
nuclei (or cells) chromatin positive. Photographs illustrating 
characteristic nuclei appear in Figure 1, page 14. 
Chromosome Studies 
Dividing cells for cytological examination of mitotic 
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Figure 1. Buccal mucosa cells stained for sex chromatin 
a. Chromatin negative. b. Chromatin positive (x7000) 
figures were prepared from leucocytes in peripheral blood 
by a modification of the technique of Hungerford, Donnelly, 
Nowell, and Beck (1959). The method used was as follows: 
1. Fifteen to twenty cubic centimeters of venous 
blood was drawn into a syringe previously coated with heparin 
(Liquaemin Sodium, Organon; 5000 units of heparin per cubic 
centimeter). 
2. The red cells were allowed to settle out by grav¬ 
ity for four to five hours or were separated by centrifugation 
at 50-100x gravity for 5 minutes. 
3. Two milliliter aliquots of the supernatant plasma- 
leucocyte suspension were incubated at 37°0 for 72*12 hours, 
with 6 ml of Tissue Culture Medium 199 (Difco), 300 units 
penicillin (Penicillin G Potassium Squibb), 372 ug streptomycin 
(Streptomycin Sulphate; Parke, Davis, and Co.), and 0.25 ml 
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phytohemaglutin (Phytohemaglutin M, Difco) in a loosely capped 
1 ounce "bottle (Narrow mouth, French square, clear glass hot- 
tie; Will Co.) . 
4. At the end of this growth period, sterile colchicine 
(Colchicine Alkaloid, U.S.P.; Fischer Scientific Co.) was 
added to a final concentration of 1x10“^ Molar, and incubation 
continued one to four hours. 
5. The culture was then centrifuged at lOOx gravity 
for 3"5 minutes and the supernatant discarded. 
6. One-two ml of sterile 1% sodium sitrate at 37°C was 
added to the sedimented cells and the suspension incubated at 
37°C for 3 minutes. 
7. The suspension was centrifuged at lOOx gravity and 
the supernatant discarded. 
8. The cells were fixed immediately by adding 1 ml 
acid alcohol fixative (3 parts 100% ethanol to 1 part glacial 
acetic acid) at 22-25°C drop by drop with vigorous agitation. 
The fixed cells in acid alcohol were centrifuged at 500x 
gravity and the supernatant was discarded. This step was 
repeated twice more. Cell thus prepared could be spread on 
slides immediately or stored up to four weeks without loss of 
quality. 
9. Several drops of cell suspension were dropped on 
a slide previously cleaned with acid alcohol fixative. If the 
cells had been stored, they were resuspended in fresh fixative 
just prior to this spreading. The acid alcohol was ignited in 
the manner of Scherz (1962) and the slide allowed to dry and 
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cool . 
10. The cells were stained for 15 minutes in newly- 
filtered 1% natural orcein (George T. Gurr, Ltd.) dissolved 
in 45% acetic acid. 
11. The cells were rinsed in 95% ethanol twice and then 
dehydrated in the following series of solvents: 95%> ethanol, 
equal parts 100^ ethanol and xylene, xylene, and xylene. 
12. Coverslips were mounted with DePeX. 
Slides were examined under oil immersion at 1250x with a 
Leitz Ortholux microscope using light transmitted through a 
Kodak Wratten number 58B filter. Metaphase plates with more 
than 38 clearly distinguishable chromosomes were counted. All 
counts reported were confirmed by another observer. Photographs 
of the metaphase plates were made with a Leica model Ig camera 
using Kodak High Contrast Copy film. The film was developed 
in Kodak Dektol developer diluted with equal parts of water for 
5| minutes at 20°C. The photographs were printed to a uniform 
enlargement of 1830 diameters on Kodak Kodabromide A4 paper 
developed in Dektol diluted 1:2 with water for 2 minutes at 
20-25°C. Karyotypes were made by cutting out the chromosomes 
from the photographs and arranging them according to the 
Denver System (Denver nomenclature, I960). 
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Results 
Chromatin Positive Males 
In a survey of 500 of the males at Southbury Training 
School, the following 4 were found to be chromatin positive. 
One, C. R., did not exhibit Klinefelter's syndrome. 
H. L. P. S.T.S. #3527 Table 6 
M. K. S.T.S. #633 Table 7 
C. R. S.T.S. #2988 Table 8 
J. W. S.T.S. #2256 Table 9 
The data on their sex chromatin studies, chromosome analyses, 
physical examinations, and psychometric testing are tabulated 
on pages 19-28. 
The subject M. K. had a lesion excised from his right 
supra-deltoid skin on May 18, 1962. This was diagnosed as 
malignant melanoma on histological study at the Waterbury, 
Connecticut Hospital. In the six months following the oper¬ 
ation, widespread metastases to the lung, skin, and lymph 
nodes have occurred. 
The other Klinefelter patients do not have personal 
histories of neoplasia or family histories of neoplasia or 
infertility. However, because these subjects do not have 
families available, their historical studies were limited by 
their ability to cooperate and their degree of retardation. 
Relatives 
The parents of M. K. were the only relatives of the 
above available for study. Data collected on them will be 
found on pages 29-34. Additional history elicited the state- 
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ment from H. H. K., mother of M. K. , that most of her relatives 
had died of cancer, and that she, herself, had had a "cancer 
of the skin" which she described as "small and black" removed 
in 1952 from the area over her left tempore-mandibular joint. 
She indicated that the operation had lasted "one hour" and 
required "eight sutures". No further clinical or histological 
description of this lesion was obtained. S. K., the father of 
M. K., has an unremarkable personal and family history. 
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Table 6, Summary of Studies on H. L. F., S.T.S. #3527 
Age Data 
Birth Date: March 28, 1942 
Age at Examination: 20 years 
Maternal Age at Birth: 19 years 
Paternal Age at Birth: not known 
Sex Chromatin 
Buccal Smear, Percent Chromatin Positive: 26 
Total Cells Counted: 100 
Chromosome Studies 
Chromosome Count on Leucocytes: 
Count <44 44 45 46 47 48 >48 Total 
Ho of Cells 0009 33 0 0 42 
Percent 0 0 0 20 80 0 0 100 
Representative Karyotype: Fig. 2, page 20. 
Sex Chromosomes: XXY 
Physical Findings 
Height: 179 cm 
Upper Segment: 83 cm 
Lower Segment: 96 cm 
Span: 181 cm 
Testes, Size: right less than 2 cm diameter 
left less than 2 cm diameter 
Histology: Biopsy not made 
Gynecomastia: Bilateral, pronounced 
Color Vision: Ho abnormality 
Psychometric Data 
I. Q. (W.A.I.S.): Verbal 93 
Performance 95 
Full scale 93 
Other 
Grand Mai Epilepsy 
Chronic brain syndrome and psychosis associated with epilepsy. 
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Table 7. Summary of Studies on M. K., S.T.S. #633 
Age Data 
Birth Date: August 13, 192? 
Age at Examination: 35 years 
Maternal Age at Birth: 30 years 
Paternal Age at Birth: 30 years 
Sex Chromatin 
Buccal Smear, Percent Chromatin Positive: 50 
Total Cells Counted: 300 
Chromosome Studies 
Chromosome Count on Leucocytes: 
Count <44 44 45 46 47 48 >48 Total 
No of Cells 0 2 3 4 51 2 0 62 
Percent 0 3 5 7 82 3 0 100 
P.epresentative Karyotype: Fig. 3, page 22. 
Sex Chromosomes: XXY 
Physical Findings 
Height: 181 cm 
Upper Segment: 85 cm 
Lower Segment: 96 cm 
Span: 185 cm 
Testes, Size: right 2,5 cm greatest diameter 
left varicocele, no testis measurable 
Histology: Ho biopsy made 
Gynecomastia: Minimal 
Color Vision: No abnormality 
Psychometric Data 
I.Q. (W.A.I.3.): Verbal 4? 
Performance 56 
Full scale 48 
Other 
Malignant melanoma, see page 17. 
Mild hearing loss, etiology unlmown. 
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Table 8. Summary of Studies on 0. R., S.T.S. #2988 
Age Data 
Birth Date: November 6, 194-2 
Age at Examination: 20 years 
Maternal Age at Birth: Not known 
Paternal Age at Birth: Not known 
Sex Chromatin 
Buccal Smear, Percent Chromatin Positive: 10.9 
Total Cells Counted: 2000 
Chromosome Studies 
Chromosome Count on Leucocytes: 
Count < 44 44 45 46 47 48 >48 Total 
No of Cells 0 0 4 49 4 0 0 57 
Percent 0 0 7 86 7 0 0 100 
Representative Karyotype: Fig. 4, page 24. 
Sex Chromosomes: ? XY/XXY 
Physical Findings 
Height: 172 cm 
Upper Segment: 79 cm 
Lower Segment: 93 cm 
Span: 182 cm 
Testes, Size: right 4.5 x 3.5 x 3.5 cm 
left 4.5 x 3.0 x 3.0 cm 
Histology: No biopsy done 
Gynecomastia: None 
Color Vision: No abnormality 
Psychometric Data 
I.Q. (W.A.I.S.): Verbal 53 
Performance 52 
Full scale 54 
Other 
This patient has none of the clinical criteria for Kline¬ 
felter's syndrome nor adequate chromosomal evidence in 
leucocytes. He is, however, definitely chromatin positive on 
buccal smear. It would be most useful to culture buccal 
mucosa and investigate chromosomes there thoroughly since there 
is the nuclear sex chromatin. 
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Table 9. Summary of Studies on J, If., S.T.S. #2256 
Age Data 
Birth Date: December 4, 1941 
Age at Examination: 21 years 
Maternal Age at Birth: 20 years 
Paternal Age at Birth: 20 years 
Sex Chromatin 
Buccal Smear, Percent Chromatin Positive: 40 
Total Cells Counted: 100 
Chromosome Studies 
Chromosome Count on Leucocjrtes: 
Count <44 44 45 46 47 48 >48 Total 
Ho of Cells 26 11 66 182 53 5 0 342* 
Percent 8 3 19 53 16 1 0 100 
Representative Karyotypes: Figs. 5_7, pages 26-28. 
Sex Chromosomes: XO/XX/XXY 
Physical Findings 
Height: 178 cm 
Upper Segment: 86 cm 
Lower Segment: 92 cm 
Span: 180 cm 
Testes, Size: right 3.0 x 2.0 x 1.0 cm 
left 3.0 x 2.0 x 1.0 cm 
Histology: Severe tubular hyalinization, moderate 
peritubular fibrosis, increased interstitial 
cells and rare germinal cells without spermato¬ 
genesis . 
Gynecomastia: Minimal 
Color Vision: Ho abnormality 
Psychometric Data 
I.Q. (W.A.I.S.): Verbal 56 
Performance 68 
Full scale 58 
Other 
Earlier studies on this subject were reported by Cornwell 
and Herrmann (1958). This subject was their case Ho, 1. 
Their study includes illustrations of the testicular biopsy 
and urinary gonadotropin levels. 
*207 of these counts were kindly provided by 0. J. Miller, 
M. D„, Columbia University College of Physicians and 
Surgeons. 
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Table 10. Summary of Studies on S. K., father of M. K. 
Age Data 
Birth Date: March 3, 1897 
Age at Examination: 65 years 
Maternal Age at Birth: Dot known 
Paternal Age at Birth: Dot known 
Sex Chromatin 
Buccal Smear, Percent Chromatin Positive: 0 
Total Cells Counted: 100 
Chromosome Studies 
Chromosome Counts on Leucocytes: 
Count <44 44 45 46 47 48 >48 Total 
Do of Cells 3 2 8 35 1 0 0 49 
Percent 6 4 16 71 2 0 0 100 
Representative Karyotype : Big . 8, page 30. 
Sex Chromosomes: XY 
Physical Bindings 
Color Vision: Do abnormality 
Psychometric Data 
Intelligence, General Impression of Interviewer: Low normal 
Other 
Do relevant findings 
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Table 11. Summary of Studies on H. H. K., mother of M. K. 
Age Data 
Birth Date: May, 1897 
Age at Examination: 65 years 
Maternal Age at Birth: Mot known 
Paternal Age at Birth: Not known 
Sex Chromatin 
Buccal Smear, Percent Single Positive: 27.6 
Percent Double Positive: 0.8 
Total Cells Counted: 1000 
Chromosome Studies 
Chromosome Counts on Leucocytes: 
Count <44 44 45 46 47 48 >48 Total 
No of Cells 27 13 42 108 26 1 9 222 
Percent 12 6 19 49 11 0 4 101 
Representative Karyotypes: Figs. 9-11, pages 32- *34. 
Sex Chromosomes: XXX/XX/XO 
Physical Findings 
Color Vision: No abnormality 
Psychometric Data 
Intelligence, General Impression of Interviewer: Low normal 
Other 
Had "skin cancer" removed 10 years prior to interview (see 
above, page 18). 
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Discussion 
The results of this study show an incidence of chromatin 
positive males at Southbury Training School approximately 
equal to those given in Table 5. In this population are the 
four discovered in this survey and listed above in the 
results, and another individual, T. J., an XXXXY male, previously 
reported by Miller, Breg, Schmickel, and Tretter (1961). 
This gives an incidence of chromatin positive subjects in 
the 500 males examined by buccal smear of 5/500, or 1.0%. 
Three of these have clinical Klinefelter’s syndrome, II. E. , 
M. K., and J. ¥. The incidence of those males in the entire 
post pubertal male population of 770 who display small testes, 
eunochoid habitus, and gynecomastia is 4/770, or 0.57% (H.E., 
M. K., J. ¥., and T. J.). Extension of the sex chromatin 
study to include all the male population (1070) would certainly 
complete these figures, but this was beyond the scope of this 
project. 
During this study, it became apparent that males whose 
sex chromatin counts fell between 2 and 10% did occur, and 
that counts of 2-5% were quite frequent; about 10% of the 
males had such counts. Because there is no large survey 
using the technique of staining and fixation outlined above, 
it was not clear whether the counts between 2 and 10% should 
be suspected of indicating possible mosaicism, temporary 
suppression of the sex chromatin in an XXY subject, preparation 
artefact, or the presence of sex chromatin in an XY cell. It 
xcoJteewcv.lG 
1/^jBmoi.do lo sorisbioiii ti& v;o.da r-JE>x.rcf*?« 
Xle&sml^c^.qcB loorfo' •ftlaXaiT A^ydr^woS Xb as.LGxc evXXlBoq 
■ ■ ' - . tri, ■ ' 
nrid- r,i svocT- deXsxX Mr* ^©VTiis etd& itx fcsisvoosib iifol 
,oI , . 
t ( r : . • « 
V. Vfirt! f j\ dvl&lv. Cfr If jlX SEEO'XIiO 'to ©0X19 6 20 XX AS feiSVlx 
, ( ■ - - ’ )0M b9££j:®18X© S9XBfflC 00c i'tif 
ttr,l v ^notefiin'B S*1 
. : . ■ I - tq {f OYY 1c XO '■ ru 
g£ ; - : 
. ( . * « • • • ’ ’ 
r_[; tr- •••-:©c axi.ro'w (GYCI) fiola .slixqoq 9 Ism ©dl ILs s.xrJ ocii ox 'X-^Xb 
? c >c 0« : < eBS.'TWSi^ 9j& f; n°! 
, Xoo? ■: 'IC; 
.x-ucoo Mb /OX Xu S neewXsd IIsl aXmxoo irAMpcirio xas 
ro *01 XxiocfB 'X". •«* «+* 1®. - ’ 
■ , ■ • . 
t3V0CI'S B9H. .IXJ./0 reXXrr li .fcm snlrisXa lo ©Jxj&imloeX axlX 
j Xniroo 
, om - c * ' I ' ■ ' '■ ■ 
XI .XXco Y rtB nl niMixoTdo xer. %s> eonewsq ©fit io ,XobWi*. 
-36- 
would not be unlikely that cells from a subject with a 
mosaic of the type XY/XXY or XO/XXY might have percents of 
sex chromatin intermediate between that of a normal XY male 
and a normal XX female or XXY Klinefelter subject. 
A few such intermediate cases were investigated with 
leucocyte cultures. They were found to have normal chromo¬ 
some counts and karyotypes. Further clarification might come 
from chromosome studies on the buccal mucosa cells such as 
those on which the sex chromatin was read. Serial buccal 
smears, if they gave consistent results, would encourage one to 
perform chromosome studies, and inconsistent percentage 
readings would certainly raise questions about the technique. 
The situation might be clarified by study of a large unselected 
population by both sex chromatin and chromosome studies 
employing the methods outlined above, which would provide a 
standard curve of sex chromatin percent versus the X chromosome 
constitution. Such a study might provide a better indication 
of the sex chromatin in mosaics than is demonstrated in 
Table 5 by various techniques. If it were shown that in a 
small proportion of XY cells the X chromosome were indeed 
present in the condensed and presumably functionally inactive 
form, would this mean the YO cell is viable? Or might it 
imply a partial inactivation of the heteropycnotic X, or even 
the existence o# cells whose X chromosome is inserted into 
one or more autosomes? The subject 0. R., who showed a low 
percentage of sex chromatin (10.9$), but had a normal chromo¬ 
some count and karyotype from his leucocytes may illustrate 
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some of the problems outlined above. Certainly the next 
investigation in his case should be a culture of the buccal 
mucosa to see whether the cells there which are chromatin 
positive do indeed have an extra X chromosome. 
Chromosome studies confirm that the subjects H. 3?.. and 
M. K. seem to be uncomplicated examples of Klinefelter’s 
syndrome with mental retardation. The subject J. W. presents 
what is probably a sex chromosome mosaic of the type X?/XXY 
or possibly of the type X0/X?/XXY as previously reported by 
Uowakowski, Lenz, Bergman, and Reitalu (i960). It is 
questionable whether the \y/o of cells with a 45 count could 
be the result of random loss of one or two chromosomes 
during preparation of the slides. 
The subject M. K. who has a neoplastic process raises 
the question of whether there is an increased tendency in 
subjects that have one evidence of an abnormal chromosome 
complement to have further errors in mitosis. It was first 
suggested that atypical mitoses with unequal distribution of 
the chromosomes might be the etiology of neoplasia by Boveri in 
1929. In fact, with modern techniques, it has been shown 
that many neoplasms are aneuploid. This subject has been 
reviewed recently by Hauschka (1961). The increased incidence 
of leukemia in mongolism, an autosomal trisomy, is discussed 
by Krivit and Good (1957). In this case, there is a well 
recognized association of autosomal aberration with a can¬ 
cerous process. The question of whether there is a real in-' • 
crease of neoplasia with Klinefelter’s syndrome, or whether 
subjects with both maladies are more likely to be reported is 
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raised by Lubs (196-2) , who reviews 10 patients with Kline- 
felter's syndrome, 5 of whom had a neoplastic process. 
One of the original purposes of this study was to 
investigate parents of Klinefelter subjects. Only one set of 
parents was located from this series. The reason for this 
paucity results from the criteria for the selection of resi¬ 
dents for the training school. Because Klinefelter's syndrome 
is usually accompanied by mild mental retardation only, most 
of these individuals are not in need of custodial care, if 
there are any family or community resources available to 
provide for them. Therefore, many of the mildly retarded 
subjects were admitted to Southbury Training School because 
their families have died, deserted the subjects, or as in two 
of the cases here, because the patient was born illegitimately 
In each case, the family is not available for study. 
Studies on the parents of the subject M. K. did raise 
some very interesting questions. The father, S. K., proved 
to be chromatin negative and to have a normal karjrotype. The 
mother, H. H. K. , had a very small percentage (0.8/£) of 
double positive cells in her buccal smear. She also had 11% 
of the cells in the leucocyte studies with 47 chromosomes and 
an extra chromosome in the group 6-12 and X. The question is, 
is this significant evidence of an XXX cell line? If so, was 
it present and did it take part in the meiosis which led to 
M. K.? There were also a large number of cells with 45 chromo 
somes possessing only fifteen chromosomes in the group 6-12 
and X. Since the cells with counts of 46 showed a normal 
karyotype and an XX sex chromosome constitution, does this 
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indicats that she Is an XO/XX/XXX mosaic as has been reported 
by Hayward and Cameron (1961)? The patient reported by them 
had Turner’s syndrome and Hirschsprung’s disease, which are 
not present in H. H. K. Our subject does, however, have a 
history of having had a ’’skin cancer". Does this mean that 
there is an increased tendency for unusual mitotic events in 
H. H. K. and her son M. K.? 
The unusual karyotypes could be an artefact of growing 
the cells in culture or of disruption of the mitotic figures 
in spreading or fixing the cells. Extra chromosomes or frag- 
ments could conceivably be added to or subtracted from figures 
during these processes. However, two cultures were made, and 
they both showed essentially the same results.. Furthermore, 
these cultures were handled in each case no differently than 
any others done at the Training School Laboratory, where this 
degree of count spread has not been the usual case. 
The effect of increased unusual meiotic activity, such as 
non-disjunction, with age has been mentioned above in discus¬ 
sing the production of Klinefelter’s syndrome and mongolism; 
another interesting possibility is that the spread of cell 
counts could be an effect of increased age on mitotic 
accuracy. An observation of increased incidence of aneuploidy 
with increasing age has been made in a small series of normal 
subjects of all ages by Jacobs, Court-Brown, and Loll (1961), 
This aneuploidy would presumably be the result of mitotic 
and not meiotic error. Unfortunately these investigators do 
not distinguish which chromosomes are missing from or added to 
the normal counts in their series. 
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Had the subject M. K. or one of his parents had evidence 
of colorblindness, a well known sex linked trait (McKusic, 
1962) which has been described in Klinefelter’s syndrome 
(Polani, Bishop, Lennox, Perguson-Smith, Stewart, and Prader, 
1958), we might have been able to trace the extra X chromo¬ 
some in M. K. to an error of disjunction occurring in one of 
the parents. Conclusive evidence could only be drawn if the 
mother had at least one X bearing the trait, and if the 
father were not colorblind. In such a case, there would only 
be three possibilities. Either there would have been meiotic 
non-disjunction of a maternal X chromosome bearing the trait, 
mitotic non-disjunction in the zygote carrying an X chromo¬ 
some with the gene, or spontaneous mutation to produce a 
zygote with two chromosomes carrying the colorblindness genes. 
In any other case, the maternal or paternal occurrence of the 
non-disjunctional event would be obscured. 
Thus this family presents several interesting facets. 
The male offspring is an XXY Klinefelter’s subject and his 
father is a normal male with 46 chromosomes and an XY sex chrom¬ 
osome complement. The mother is probably a mosaic for the 
sex chromosomes, having a normal XX cell line and possibly XO 
and XXX cell lines as well. There have been no reports of 
triple X females giving birth to sons with Klinefelter's syn¬ 
drome or with an XXY sex chromosome complement. The 18 prog¬ 
eny of triple X females have all had normal sex chromosomes 
(Breg, personal communication). Prooff that this mother, 
H. H. K., had an XXX cell line in her germinal cells at the 
time of M. IC.’s conception, and that therefore M. K. did 
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result from a maternal meiotic non-disjunction would add 
another mechanism to those proposed for the etiology of Kline¬ 
felter's syndrome. The occurrence of neoplasm in this mother 
and son who also have evidence of other errors of mitosis or 
meiosis raises the further question of the presence of a 
genetic tendency to non-disjunction operating here. 
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Summary 
A survey of mentally retarded individuals for the occur 
rence of Klinefelter's syndrome using buccal smears for sex 
chromatin and physical examination for the stigmata of the 
syndrome is presented. The observed incidence of Kline¬ 
felter's syndrome is 4/770 and of chromatin positive individ 
uals is 5/500. Of the former, three are XXY chromatin pos¬ 
itive Klinefelter subjects, and one is a chromatin positive 
Klinefelter subject who has an XO/XY/XXY sex chromosome 
mosaicism. One of the chromatin positive individuals is an 
XXXXY male and has been previously reported. The other 
chromatin positive male has normal physical characteristics 
and has 46 chromosomes with XY sex chromosomes and a normal 
Icaryotype in the cells of his peripheral blood. 
The parents of one XXY Klinefelter subject were studied 
The father is a normal 46 chromosome XY male. The mother is 
probably an XO/XX/XXX sex chromosome mosaic. The mother and 
son each also had a neoplastic process. 
The genetic mechanisms involved in the production of 
Klinefelter’s syndrome and the implications of the maternal 
mosaic are discussed. 
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